Salivary gland-type lung carcinomas are uncommon neoplasms of the lung, the two most common being adenoid cystic carcinoma and mucoepidermoid carcinoma. Although they usually have an indolent behavior, adenoid cystic carcinomas can be more aggressive, with 5-year survival as low as 55%. Unfortunately, these tumors do not respond well to chemotherapy. In contrast to the most common subtypes of lung carcinomas, epidermal growth factor receptor studies have not been carried out in this group of tumors. Herein we report a series of 24 cases (12 adenoid cystic and 12 mucoepidermoid carcinomas) tested for epidermal growth factor receptor protein expression, epidermal growth factor receptor gene copy gains, and epidermal growth factor receptor gene mutational status, through immunohistochemistry, fluorescence in situ hybridization, and sequencing of the exons 18-21, respectively. Overall, 91 and 92% of the adenoid cystic carcinomas and mucoepidermoid carcinomas expressed epidermal growth factor receptor protein. Chromosome 7 polysomy occurred in 25% of the cases (four adenoid cystic carcinomas and two mucoepidermoid carcinomas). No epidermal growth factor receptor gene amplification was detected and no mutation was found in exons 18-21 of the epidermal growth factor receptor gene. Immunoexpression of epidermal growth factor receptor in salivary gland-type lung carcinomas is not related to epidermal growth factor receptor gene copy number or mutational status. Keywords: salivary gland-type lung carcinoma; adenoid cystic carcinoma; mucoepidermoid carcinoma; epidermal growth factor receptor; immunohistochemistry; FISH Salivary gland-type lung carcinomas are uncommon, representing less than 1% of all lung tumors. Adenoid cystic carcinoma and mucoepidermoid carcinoma are the two most common subtypes.
Salivary gland-type lung carcinomas are uncommon, representing less than 1% of all lung tumors. Adenoid cystic carcinoma and mucoepidermoid carcinoma are the two most common subtypes. 1, 2 Salivary gland-type lung carcinomas are generally reported as having a good prognosis. Indeed, mucoepidermoid carcinoma usually presents as a localized disease that can be completely resected with surgery and the reported 5-and 10-year survivals rates are both 87%. 3 However, patients with mucoepidermoid carcinomas can develop local or distant metastasis, which are typically unresponsive to conventional chemotherapy and radiation. In contrast, adenoid cystic carcinoma tends to present at a higher stage, is often unresectable, or, if resected, often has positive margins and subsequent local recurrences. The prognosis is also poorer with recent reported 5-and 10-year survivals of 55 and 39%, respectively. 3 As with mucoepidermoid carcinoma, the survival does not appear to be affected by traditional chemotherapy and radiation. Therefore, there appears to be a potential use for targeted novel therapies in the care of these patients.
Epidermal growth factor receptor (EGFR) is a 170 kDa transmembrane glycoprotein composed of an extracellular ligand-binding domain, a hydrophobic region, and a cytoplasmic region that contains the tyrosine-kinase domain. Binding of ligands to the receptor activates the P13k/AKT and RAS/ RAF/MAPK signaling pathways that are important in the regulation of cellular processes such as proliferation and apoptosis. 4, 5 EGFR is commonly overexpressed in lung cancer 6 and several clinical trials have studied the efficacy of EGFR tyrosinekinase inhibitors, including erlotinib and gefitinib, in relapsed advanced non-small-cell lung carcinomas. The overall response rate is approximately 10% with a small subset of patients composed of women, nonsmoker, mainly Asian, with adenocarcinomas showing the most significant responses. Further research has been directed toward understanding the correlation between tumor response to EGFR tyrosine-kinase inhibitors and the biology of EGFR. There appears to be a strong correlation between EGFR gene somatic mutations in the tyrosine-kinase encoding exons (18-21) of nonsmall-cell lung carcinomas, predominantly adenocarcinomas, and tumor response. 7, 8 However, amplification of EGFR by fluorescent in situ hybridization (FISH) was not only associated with tumor response but also overall survival. 9 Although expression of EGFR detected by immunohistochemistry is common, it does not appear to correlate with tumor response but may be useful as a screening test. Consequently, more studies are underway to establish the useful role of genetic tests as predictors of responsiveness to tyrosine-kinase inhibitors. 10 EGFR mutations 11 and amplification/polysomy 12 have been reported in adenocarcinomas of the lung. Neuroendocrine tumors of the lung, including small cell carcinomas, usually do not express EGFR 13 and are virtually always negative for EGFR mutation. 14 Although EGFR expression has been reported in salivary gland carcinomas of the head and neck, [15] [16] [17] [18] little is known about EGFR mutation, amplification, and expression in salivary gland-type tumors of the lung.
The aims of the present study were to evaluate the mutational status of the exons 18, 19, 20, and 21 of the EGFR gene, the occurrence of EGFR amplification, and the EGFR expression in adenoid cystic carcinomas and mucoepidermoid carcinomas of the lung.
Materials and methods
This study was conducted after Mayo Foundation Institutional Review Board approval. Between 1972 and 2002, 62 salivary gland-type lung carcinomas were identified in the Mayo Clinic, Rochester records and detailed results published. 3 Of these cases, 24 (12 adenoid cystic carcinomas and 12 mucoepidermoid carcinomas) were selected for this study, based on the availability of specimens from surgical resections or large biopsy specimens and quality of tissue.
Immunohistochemical Study
Immunohistochemical stains were performed on representative 4 mm formalin-fixed, paraffin-embedded tissue sections from the specimens using an EGFR kit with prediluted mouse monoclonal antibody 2-18C9 (Dako, Carpinteria, CA, USA) according to the manufacturer's instruction. Immunostaining was performed using the PharmD X platform with the Dako Autostainer (Dako). Appropriate positive and negative controls were employed. Positive results were defined as41% tumor cells showing membranous staining of any intensity. The percentage of positive cells and intensity, defined as mild 1 þ , moderate 2 þ , and strong 3 þ , were recorded for each case. In one adenoid cystic carcinoma case, the immunohistochemistry was not performed because of limited amount of tissue remaining in the paraffin block.
Fluorescent In Situ Hybridization
FISH interphase analysis of EGFR amplification was performed by using the standard method with the dual-color EGFR SpectrumOrange/CEP7 SpectrumGreen probe and paraffin pretreatment reagent kit (Vysis, Downers Grove, IL, USA). 19 Briefly, interphase FISH studies were performed on paraffin-embedded tissue. Tissue sections (4 mm) were initially deparaffinized in xylene (2 Â 15 min), dehydrated twice in 100% in ethanol for 5 min, and treated with 10 mmol/l citric acid for 10 min in a humid microwave. The tissue sections were then transferred to 371C, 2 Â SSC for 5 min and protein digested with Digest All-3 (Zymed, San Francisco, CA, USA). After brief washing in 1 Â PBS, the slides were sequentially dehydrated in alcohol (70, 85, and 100%) and air-dried at room temperature. The sections were denatured at 801C for 5 min and probe hybridization was carried out overnight in a humidified chamber at 371C. The sections were then washed in 0.1% NP40/2 Â SSC at 761C for 4 min, then washed in 0.1% NP40/2 Â SSC at room temperature for 1 min. Slides were then mounted in Vactashield mounting medium with 1.5 mg/ml of 40,6-diamidino-2-phenylindole. The histological areas previously selected on the H&E stained sections were identified on the FISH-treated slides. Only individual and well-delineated cells were scored. Overlapping cells were excluded from the analysis. At least 60 cells were scored for each case. Each tumor was assessed by the average and the maximum numbers of copies of EGFR genes per cell and the average EGFR/chromosome 7 copy number (CEP7) ratio. Amplification was defined as a ratio of EGFR signals to chromosome 7 centromere signals of 2.0 or more. Chromosome 7 polysomy was defined as greater than 30% nuclei with three or more CEP7 signals. Similar criteria have been used for previous studies of HER2 amplification/polysomy in breast cancer. 20 
EGFR Tyrosine-Kinase Domain Sequencing
Mutational analysis studies were performed in all cases according to a previously reported protocol. 7 Genomic DNA was isolated from primary tumor samples by overnight digestion with sodium dodecyl sulfate and proteinase K (Life Technologies Inc., Rockville, MD, USA) at 371C, followed by standard phenol-chloroform (1:1, v/v) extraction and ethanol precipitation. Intron-based polymerase chain reaction (PCR) primers were used to amplify exons 18, 19, 20, and 21, which comprise the tyrosine-kinase domain of the EGFR gene. The primers were as follows (forward and reverse, respectively): exon 18
0 and 5 0 -GGT CCCTGGTGTCAGGAAAATGCTGG-3 0 ). All PCR assays were carried out in a 25 ml reaction volume that contained 100 ng of genomic DNA and 1.25 units of HotStarTaq DNA polymerase (Qiagen Inc., Valencia, CA, USA). DNA was amplified for 33 cycles at 951C for 30 s, 651C for 30 s, and 721C for 45 s, followed by a 7-min extension at 721C. All PCR products were incubated with exonuclease I and shrimp alkaline phosphatase (Amersham Biosciences Corp., Piscataway, NJ, USA) according to the manufacturer's instructions and then sequenced directly using the Applied Biosystems PRISM dye terminator cycle sequencing method (PerkinElmer Corp., Foster City, CA, USA). All sequence variants were confirmed by sequencing the products of independent PCR amplifications in both directions.
Results

Clinicopathological Findings
There were 13 women (54%) and 11 men (46%) with an average age of 46 years ( Table 1 ). The majority of adenoid cystic carcinoma cases were cribriform (nine cases, 75%) with rare solid grade three (two cases, 17%), and tubular grade 1 (one case, 8%) types. Seven (58%) mucoepidermoid cases were grade 2 and five (42%) cases were grade 1.
Immunohistochemical Study
Immunohistochemical studies were performed in 11 adenoid cystic carcinoma cases and in 12 mucoepidermoid cases and results are presented in Table 2 . Overall EGFR expression was detected in 21 cases (91%), specifically in 10 (91%) adenoid cystic carcinoma, and in 11 (92%) mucoepidermoid carcinomas. In average, EGFR was expressed in 40 (range: 10-90%) and 35% (range: 5-70%) of cells in adenoid cystic carcinomas and mucoepidermoid carcinomas positive cases, respectively ( Figure 1 ). The intensity of staining was usually moderate to strong in both tumor types. Expression of EGFR was not uniform in the tumors. Indeed, EGFR was often expressed in the cells at the periphery of nests tumor cells in adenoid cystic carcinomas. In mucoepidermoid carcinomas, EGFR was strongly expressed in squamous and intermediate cells and goblet cells usually were negative (Figure 2 ).
Fluorescence In Situ Hybridization
FISH analysis results are summarized in the Table 2 .
There was no amplification of the EGFR gene in any case. Polysomy of chromosome 7 occurred in six (25%) cases, two mucoepidermoid carcinomas (17%) and four adenoid cystic carcinomas (33%) (Figure 3 ). Patients with tumors harboring polysomy 7 tended to be nonsmoking women ( Table 3 ). The tumors were larger and more infiltrative. Lymph node and distant metastasis were less common in this group, although results were not statistically significant.
EGFR Tyrosine-Kinase Domain Sequencing
The sequencing studies revealed no mutations in the sequences from the exons 18, 19, 20, and 21 of the EGFR gene in all cases (Table 2 ).
Discussion
Our results show that although EGFR expression in salivary gland-type lung carcinomas is common, it is 21 and in less than 5% of the neuroendocrine carcinomas, 13 whereas it was expressed in more than 90% of the cases in our series. Some studies have suggested that the mechanisms of EGFR protein overexpression vary depending on tumor type. For example, gene amplification has been implicated as a major cause of EGFR protein expression in glioblastomas, 22 esophageal squamous cell carcinoma, 23 and colon carcinoma, 24 whereas the relationship between EGFR protein expression and gene amplification or mutation is not clearly understood in lung carcinoma. Some studies observed that somatic mutations of EGFR tyrosinekinase domain of non-small-cell lung carcinomas were associated with immunoexpression, 6 while other studies have shown that overexpression of EGFR was better associated with EGFR amplification or polysomy. 21 To our knowledge, this issue has not been explored in salivary gland-type tumors of the lung. Our study demonstrates that EGFR amplification and somatic mutation of the tyrosine-kinase domain of EGFR gene are not required for protein expression, and suggests that other mechanisms such as transcriptional or posttranscriptional events are involved in EGFR expression in these tumors.
In contrast to other subtypes of non-small-cell lung carcinomas, salivary gland-type tumors do not harbor mutation of the EGFR tyrosine-kinase domain. 11, 14 Indeed, approximately 6-37% of adenocarcinomas 8, 25, 26 and 22-64% of bronchioloalveolar carcinomas 11, 25, 26 have EGFR mutations. Although the number of cases in our study is small, compared to larger series of non-small-cell lung carcinoma, given the rarity of salivary gland-type lung carcinomas, our data strongly suggest that EGFR tyrosinekinase domain mutation is unlikely to occur in these tumors. Whether ethnic factors may influence the EGFR mutational status in these tumors is a subject for further investigations.
Similarly, EGFR gene amplification has been identified in about 9-11% of non-small-cell lung carcinomas. [27] [28] [29] Although no amplification of EGFR was identified, copy gains of EGFR gene occurred in a quarter of our cases secondarily to polysomy of chromosome 7. This alteration was twice as common in adenoid cystic carcinomas compared to mucoepidermoid carcinomas. Although abnormalities of chromosome 7 have been described in mucoepidermoid carcinomas of salivary glands, this is not well recognized in adenoid cystic carcinomas as well as salivary gland-type carcinomas of the lung. Indeed, classical cytogenetics data on mucoepidermoid carcinomas of salivary glands show that a subset of cases harbor polysomy of multiple chromosomes including the chromosome 7, whereas most cases harbor other chromosomal alterations, including the typical translocation t(11;19)(q14-21;p12) without involvement of the chromosome 7. 30 A karyotype on mucoepidermoid carcinoma of the bronchial tree did not show any alteration of chromosome 7, 31 however, recently, a comparative genomic hybridization study found partial gain within the short arm of chromosome 7 in cell lines derived from salivary gland and bronchial mucoepidermoid carcinomas. 32 Furthermore, among several molecular studies performed on adenoid cystic carcinomas from other organs, [33] [34] [35] [36] [37] only one recent study found recurrent gains of 7p15.2 in salivary gland and bronchial adenoid cystic carcinomas using comparative genomic hybridization. 38 A previous cytogenetic study on an adenoid cystic carcinoma of the respiratory tree did not reveal any alteration in the chromosome 7, instead translocations t(X;6) and t(9;17) were the main aberrations detected. 39 Therefore, our results support that polysomy of chromosome 7 is not uncommon in salivary gland-type carcinomas of the lung and had thus far not been well recognized.
The significance of chromosome 7 polysomy remains to be further investigated. Although recognized in the tumorigenesis of non-small-cell lung carcinoma, only rare studies have suggested a prognostic role. Indeed, although one study reported no significant prognostic value, 40 increased EGFR gene and chromosome 7 copy numbers were reportedly associated with poor tumor differentiation but were less frequent in T4 compared to T1 tumors. 28 Also, increased EGFR gene and chromosome 7 copy numbers tended to be less frequent in tumors with lymph node metastasis. 28 These results would suggest that chromosome 7 polysomy is associated with lower stage disease, a similar finding to our study, although limited by the small number of cases. Furthermore, a recent study 41 suggested that chromosome 7 polysomy was significantly associated with improved survival in a multivariate analysis of patients with non-small-cell lung carcinoma treated with gefitinib. Although EGFR gene mutation remains an important predictor of response to therapy in most studies of non-smallcell lung carcinomas, chromosome 7 polysomy may also be involved that needs further investigation.
Few studies have addressed the role of anti-EGFR treatment in head and neck salivary gland carcinomas. Experimental data suggest that concomitant inhibition of EGFR and vascular endothelial growth factor receptor tyrosine kinases reduces growth and metastasis of human salivary adenoid cystic carcinoma in a mouse model. 42 A recent phase II study of lapatinib, a dual inhibitor of EGFR and HER2 activity, in recurrent or metastatic EGFR and/or HER2-expressing adenoid cystic carcinomas and other malignant tumors of the salivary glands has been conducted to evaluate its antitumoral activity. 43 This study found that lapatinib probably has a cytostatic effect on carcinomas of salivary glands, but no objective clinical responses were detected. The relationship of EGFR expression, mutational status and copy number to therapy response has not been yet evaluated in these tumors.
In conclusion, most adenoid cystic carcinomas and mucoepidermoid carcinomas of lung express EGFR. Although no tyrosine-kinase domain mutation or amplification of EGFR was identified, chromosome 7 polysomy occurs in a considerable subset of these tumors and may have prognostic significance.
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